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Title: Methods and means for use of HLA-DQ restricted T-cell receptors 
and HLA-DQ-binding prolamine-derived peptides 

The invention relates to the field of molecular biology and immunology. 
More specific the invention relates to food-related immune enteropathies such 
as celiac sprue, tropical sprue, giardiasis and food allergies of childhood. 
As one of the main representatives of this family of diseases, we will 
5 describe celiac disease (CD) or celiac sprue in greater detail as representative 
of the applications of the present invention. Celiac disease (CD) or celiac sprue 
is a disorder of the small intestine characterised by crypt-cell hyperplasia and 
villous atrophy, accompanied by an increased number of intraepithelial 
lymphocytes. Characteristic symptoms are a mild to severe malabsorption 

10 syndrome, diarrhea, cachexia and weight loss but can sometimes include 
lymphoma or other types of cancer. The disease is caused by a sensitivity to 
gluten (prolamine) and is precipitated in susceptible individuals by ingestion 
of cereal proteins. 

Current therapy of CD mainly involves dietary treatment of gluten- 

15 sensitive patients with diets lacking cereal compounds such as flour, which 
deprives these patients of such typical staple foods as for example bread. 
Wheat gluten comprises a mixture of two proteins, glutenins and gliadins, 
which contain 35-45% glutamine (Q) and 12-20% proline (P). Glutenins are of 
high molecular weight, comprising approximately 500-1000 amino acids, 

20 covalently bound head-to-tail by disulfide bridges, forming multimeric 

complexes. Glutenins are responsible for the elasticity and extensibility of the 
gluten. The gliadins are of lower molecular weight, comprising approximately 
250-600 amino acids, are monomeric, and are responsible for the viscosity of 
the gluten. 

25 The criteria for glutenfree products are established by the Codex 

Alimentarius Committee Nutrition and Pood for Special Dietary Uses" that 
meets every 1.5 year. The current criterion is based on the determination of 
nitrogen. To be considered glutenfree a product may contain maximally 50 mg 
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N per 100 gram of product. The determination of nitrogen is only useful when 
there is a certain relationship between the amount of nitrogen and the amount 
of gluten. This is only true, to a certain extent, for wheat. 

By determining the amount of gluten (by nitrogen measurement) no 
5 relevant data are obtained on the amount of toxic compound which is actually 
involved in the development and persistency of the food related immune 
enteropathy. The present invention recognizes this problem and discloses 
means and methods to determine the amount of (toxic) prolamine-derived 
peptides involved in food related immune enteropathy. The present invention 
10 also discloses novel pharmaceuticals based on the identified prolamine-derived 
peptides. 

In a first embodiment the invention provides an isolated or recombinant 
HLA-DQ restricted T-cell receptor or functional equivalent and/or fragment 

15 thereof capable of recognizing a prolamine-derived peptide. Such an isolated or 
recombinant HLA-DQ restricted T-cell receptor or variations thereof is/are 
obtainable by methods as disclosed herein within the experimental part. The 
experimental part discloses gluten specific T-cell responses in HLA-DQ2 
positive paediatric celiac disease patients. In short, T-cell biopsies were 

20 collected from paediatric patients that were suspected of celiac disease as 
indicated by either typical clinical symptoms and/or a positive anti- 
endomysium test. Biopsies were cultures with either a trypsin/pepsin digest of 
gluten or the same preparation which had additionally been treated with 
tissue transglutaminase (tTG). The experimental part also discloses gluten 

25 specific T-cell responses in HLA-DQ2 positive adult celiac disease patients. In 
short, intestinal biopsies were collected from adult patients that were 
diagnosed as described above and biopsies were cultured with gluten that had 
been digested with either pepsin and trypsin or with chymotrypsin. Cultures, 
either from paediatric or adult origin, that showed evidence of T-cell 

30 proliferation were expanded and tested for specificity. Gluten specific T-cell 
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clones were generated from gluten specific T- cell lines and finally the T-cell 
receptor of each T-cell clone was cloned and a number of sequences of the T-cell 
receptor were determined. It is clear to a person skilled in the art that a T-cell 
line and/or a T-cell clone and/or a T-cell receptor involved in another food- 
5 related immune enteropathy (for example tropical sprue, giardiasis or food 
allergies) is/are obtained by subjecting for example material obtained from a 
biopsy, from patients suffering from said disease, to analogous methods as 
described herein for celiac disease patients. 

A functional equivalent and/or a functional fragment thereof is herein 

10 defined as a derivative and/or a fragment having the same kind of 

activity/function (in case of the T cell receptor this means: at least capable of 
recognizing an HLA-DQ bound prolamine-derived peptide) possibly in different 
amounts. It is clear to a person skilled in the art that there are different ways 
of arriving at a functional equivalent and/or functional fragment A functional 

15 equivalent is for example a point mutant or a deletion mutant or an equivalent 
derived from another species. Another possibility to arrive at a functional 
equivalent/fragment is by applying a method of molecular evolution to, for 
example, a T-cell receptor or a functional equivalent and/or a functional 
fragment thereof. The experimental part herein discloses methods and means 

20 to test the activity/function of such (evolved) molecules. A prolamine-derived 
peptide is typically defined as a peptide derived from seed storage proteins like 
gliadins, glutenins, secalins, hordeins and avenins. 

An HLA-DQ restricted T-cell receptor is typically defined as a T-cell 
receptor which, preferably, is capable of recognizing a prolamine-derived 

25 peptide which is associated with an HLA-DQ molecule. More preferably said 
prolamine-derived peptide is associated with an HLA-DQ2 or HLA-DQ8 
molecule. Such a HLA-DQ2 or HLA-DQ8 molecule is for example present on an 
antigen presenting cell (APC). 

In a preferred embodiment the invention provides an isolated or 

30 recombinant HLA-DQ restricted T-cell receptor or functional equivalent and/or 
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fragment thereof capable of recognizing a prolamine-derived peptide wherein 
said prolamine-derived peptide is obtainable from a protein selected from 
gliadins, glutenins, secalins, hordeins or avenins. Gliadins and glutenins are 
wheat seed storage proteins. Secalins are rye seed storage proteins; hordeins 
5 are seed storage proteins from barley and avenins are seed storage proteins 
from oats. In yet another embodiment the invention provides an isolated or 
recombinant HLA-DQ restricted T-cell receptor or functional equivalent and/or 
fragment thereof capable of recognizing a prolamine-derived peptide wherein 
said prolamine-derived peptide is modified. In an even more preferred 

10 embodiment the invention provides an isolated or recombinant HLA-DQ 
restricted T-cell receptor or functional equivalent and/or fragment thereof 
capable of recognizing a prolamine-derived peptide wherein said prolamine- 
derived peptide is deamidated. HLA-DQ2 and HLA-DQ8 molecules have a 
preference for negatively charged residues at several positions in the bound 

15 peptides. The amino acid glutamine can be converted into glutamic acid (a 

process called deamidation) by either acidic conditions or glutaminase activity 
(for example tissue glutaminase = tTG). By providing a prolamine-derived 
peptide with more negative charge (for example by deamidation) HLA-DQ 
binding is enhanced or facilitated. It has been shown that T-cell recognition of 

20 HLA-DQ-gluten peptide complexes can be enhanced or is even dependent on 
deamidation of prolamine-derived peptides. In another embodiment the 
invention provides an isolated or recombinant HLA-DQ restricted T-cell 
receptor or functional equivalent and/or fragment thereof capable of 
recognizing an HLA-DQ bound prolamine-derived peptide wherein said 

25 prolamine-derived peptide comprises anyone of the amino acid sequences as 
depicted in Table 2 and/or Table 5 (reference to Table 5 includes reference to 
Table 6A and Table 5B). Table 2 discloses not only the characterised peptides 
but also the minimal epitopes of said peptides. Comparison of the 
characterised peptides versus the minimal epitopes provides the person skilled 

30 in the art with information on which amino acids in the characterised peptides 
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can be modified without altering the minimal epitope. Furthermore, it is now 
also possible to replace for example a hydrophobic amino acid in, for example, 
the minim al epitope, with another hydrophobic amino acid and determining 
the effect of such a substitution on for example T-cell proliferation. It is 
5 therefore clear that a functional equivalent and/or a functional fragment of a 
prolamine-derived peptide is also included herein. Such a peptide can be 
modified or more preferably deamidated, to enhance or to facilitate the 
recognition by an HLA-DQ restricted T-cell receptor according to the 
invention. In another embodiment the invention provides an isolated or 
10 recombinant HLA-DQ restricted T-cell receptor or functional equivalent and/or 
fragment thereof capable of recognizing a prolamine-derived peptide wherein 
said prolamine-derived peptide is flanked by amino acids representing antigen 
processing sites. 

A T-oell receptor is composed of two membrane anchored polypeptides, a 

15 and p, that each contain one constant domain (C) and one variable domain (V). 
The complementarity determining regions (CDRs) are the hypervaxiable loops 
at one end of the TCR that recognize the composite antigenic surface formed 
by an MHG molecule and a bound peptide. The variable domain of the a and p 
polypeptide each contain three CDRs (CDRla, CDR2a, CDR3a, CDRpi, 

20 CDRp2 and CDRP3). It is known that mainly the CDR3 loops are responsible 
for the interaction with the peptide residues. From 6 T-cell clones the CDR 
sequences (for example the CDR3 sequence) have been determined. These 
sequences are depicted in Table 6. Therefore, the invention provides a 
sequence (or a functional equivalent and/or functional fragment thereof) of a 

25 variable domain of an HLA-DQ restricted T-cell receptor specific for a defined 
prolamine-derived peptide as depicted in Table 6. Furthermore, the invention 
also provides a variable domain (or a functional equivalent and/or functional 
fragment thereof) of an HLA-DQ restricted T-cell receptor comprising a 
sequence as depicted in Table 6. The invention also comprises a HLA-DQ 

30 restricted T-cell receptor (or a functional equivalent and/or functional 
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fragment thereof) which comprise a variable domain with a sequence as 
depicted in Table 6. A functional equivalent and/or functional fragment thereof 
is herein defined as an equivalent and/or a fragment which is capable of 
performing the same activity, possible in different amounts. 
5 In another embodiment the invention provides a nucleic acid encoding 

an HLA-DQ restricted T-cell receptor or functional equivalent and/or fragment 
thereof according to the invention capable of recognizing a prolamine-derived 
peptide. Furthermore, the invention provides a vector comprising a nucleic 
acid according to the invention. 

10 In yet another embodiment the invention provides a host cell comprising 

an HLA-DQ restricted T-cell receptor or a functional equivalent and/or 
fragment thereof according to the invention, a nucleic acid according to the 
invention or a vector according to the invention. In a more preferred 
embodiment such a host cell is immortal. In an even more preferred 

15 embodiment such a host cell further comprises a CD4 co-receptor and a T-cell 
receptor associated CD3 complex. Such a CD3 complex preferably comprises 
gamma, delta, epsilon and zeta chains. The presence of a CD4 co-receptor on 
said host cell is optionally because, it is known within the art that the absence 
of a CD4 co-receptor does not prevent a T-cell receptor from being functional. 

20 Preferably a host cell according to the invention further comprises an inducible 
component to detect T-cell triggering. An example of such an inducible 
component is a promoter of nuclear factor of activated T-cell (NFAT) coupled to 
a LacZ reporter gene (NFAT-lacZ). Preferably such a host cell is selected from 
the group of PEER, MOLT-3 or MOLT-4, Jurkat, and HPB-ALL. It is clear to a 

25 person skilled in the art that other host cells are also applicable, as long as 

they allow the functional expression of an HLA-DQ restricted T-cell receptor. A 
host cell according to the invention comprising an inducible NFAT-lacZ 
construct allows the detection of T-cell receptor triggering via measurement of 
LacZ activity with either a fluorescent or chromogenic substrate. Triggering of 

30 the T-cell receptor leads to the induction of the NFAT promoter which drives 
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the expression of a LacZ gene which encodes the p-galactosidase enzyme. It is 
clear to a person skilled in the art that an HLA-DQ restricted T-cell receptor or 
a functional equivalent and/or fragment thereof must not only be capable of 
recognizing a prolamine-derived peptide but must also be capable of triggering 
5 the appropriate response. 

In another embodiment the invention provides a pharmaceutical 
composition comprising an isolated or recombinant HLA-DQ restricted T-cell 
receptor or functional equivalent and/or fragment thereof according to the 
invention, or a nucleic acid according to the invention or a vector according to 

10 the invention. Such a pharmaceutical composition is useful for the treatment 
of food-related immune enteropathy, for example celiac sprue, tropical sprue, 
giardiasis or food allergies of childhood. 

In another embodiment the invention provides an isolated, recombinant 
or synthetic prolamine-derived peptide or a functional equivalent and/or a 

15 functional fragment thereof, optionally coupled to a carrier molecule, wherein 
said prolamine-derived peptide is involved in food-related immune 
enteropathy. Such a peptide is preferably capable of associating with an HLA- 
DQ molecule (or more preferably with an HLA-DQ2 or HLA-DQ8 molecule), 
thereby facilitating recognition by an isolated or recombinant HLA-DQ 

.20 restricted T-cell receptor according to the invention. Carrier is herein defined 
as a component providing a prolamine-derived peptide with the capacity of 
inducing a proper immune response. Examples of such a carrier are keyhole 
limpet hemocyanin (KLH) or human serum albumine (HSA). The person 
skilled in the art is aware of the fact that there exist many more carrier 

25 molecules. Production of synthetic and/or recombinant peptides is well known 
within the art. Examples for the production of synthetic peptides and methods 
to isolate prolamine-derived peptides from for example gluten are disclosed 
herein within the experimental part. A preferred embodiment is an isolated, 
recombinant or synthetic prolamine-derived peptide or a functional equivalent 

30 and/or a functional fragment thereof optionally coupled to a carrier molecule, 
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wherein said prolamine-derived peptide is involved in food-related immune 
enteropathy and wherein said prolamine-derived peptide is obtainable from a 
protein selected from the group of gliadins, glutenina, secalins, hordeins or 
avenins. In an even more preferred embodiment such an isolated, recombinant 
5 or synthetic prolamine-derived peptide according to the invention is modified, 
preferably deamidated. By deamidation the peptide becomes more negatively 
charged to enhance or even facilitate recognition by a T-cell receptor according 
to the invention. In yet another preferred embodiment the invention provides 
an isolated, recombinant or synthetic prolamine-derived peptide according to 

10 the invention, wherein said prolamine-derived peptide comprises anyone of the 
amino acid sequence as depicted in Table 2 and/or Table 5, It is clear that a 
functional equivalent and/or a functional fragment of such a prolamine-derived 
peptide is also included herein. Now that these specific peptides are disclosed, 
it is easy to determine the corresponding processing sites which are used by for 

15 example proteases. Knowledge of these processing sites is used to construct 
proteins (for example via recombinant DNA technology) which are no longer 
processed, thereby inhibiting the production of prolamine-derived peptides 
involved in food-related immune enteropathy. In another embodiment the 
invention provides an isolated, recombinant or synthetic prolamine-derived 

20 peptidje according to the invention, wherein said prolamine-derived peptide is 
flanked by amino acids representing antigen-processing sites. Preferably the 
invention provides an isolated, recombinant or synthetic prolamine-derived 
peptide according to the invention wherein said food-related immune 
enteropathy is selected from the group of celiac sprue, tropical sprue, 

25 giardiasis or food allergies of childhood. 

The invention also provides an isolated or synthetic antibody or 
functional equivalent and/or functional fragment thereof specifically 
recognising a prolamine-derived peptide according to the invention. Such a 
peptide is preferably capable of associating with an HLA-DQ molecule, thereby 

30 facilitating recognition by an isolated or recombinant HLA-DQ restricted T-cell 



WO 02/083722 



PCT/NL02/00235 



receptor according to the invention. Such an antibody is for example 
obtainable by immunising an immuno-competent animal with a prolamine- 
derived peptide according to the invention or an immunogenic fragment and/or 
equivalent (for example a deamidated peptide) thereof and harvesting 
5 polyclonal antibodies from said immunised anim al, or obtainable by other 
methods known in the art such as by producing monoclonal antibodies, or 
(single chain) antibodies or binding proteins expressed from recombinant 
nucleic acid derived from a nucleic acid library, for example obtainable via 
phage display techniques. 

10 With such an antibody, the invention also provides an immunoassay 

comprising an antibody according to the invention. A lot of immunoassays are 
available within the art, for example ELISA (Enzyme Linked Immuno Sorbent 
Assay) or Western blotting. 

Furthermore the invention provides a nucleic acid encoding an antibody 

15 according to the invention or a vector comprising such a nucleic acid or a host 
cell comprising a nucleic acid or a vector encoding an antibody according to the 
invention. 

In yet another embodiment the invention provides a diagnostic kit 
comprising an isolated or recombinant HLA-DQ restricted T-cell receptor 

20 according to the invention or a host cell comprising a T-cell receptor according 
to the invention or an antibody according to the invention and a suitable 
means of detection. Such a diagnostic kit is, for example, very useful for 
detecting in food, food components or samples from (suspected) patients the 
presence of a prolamine-derived peptide involved in food-related immune 

25 enteropathy (for example: celiac sprue, tropical sprue, giardiasis or food 
allergies of childhood). At present such a quantitative and qualitative 
diagnostic kit determining the presence and/or amount of prolamine-derived 
peptide is not available. Currently two different assays are used for gluten 
detection. One assay determines the nitrogen content of food (components) as a 

30 measure for the presence of gluten. The other assay utilises gluten specific 
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antibodies in ELISA systems. However, both assay systems do not test for the 
toxic prolamine-derived peptides involved in food-related immune enteropathy. 
A diagnostic kit comprises, for example, an antibody according to the invention 
specifically recognising a toxic prolamine-derived peptide involved in food- 
5 related immune enteropathy. Another advantage of the diagnostic kit as 
described in the present application is the capability of testing food 
(components) which cannot be tested or cannot be tested reliably by the 
currently used gluten assays. The existing assays are hardly informative when 
food (components) contain significant amounts of other nitrogen containing 

10 compounds (e.g. other proteins) or when food (components) contain partially 
hydrolysed prolamine proteins that are not recognised by antibodies currently 
used in ELISA-kits. Examples of food (components) for which the existing 
assays are troublesome are beer, melassis and soy sauce. In addition, the 
existing assays lack the level of sensitivity required for many applications. 

15 Preferably a diagnostic kit according to the invention uses different 

kinds of T-cell receptors or host cells comprising a different kind of T-cell 
receptor (or host cells comprising multiple T-cell receptors) according to the 
invention or different antibodies, each capable of recognizing another 
prolamine-derived peptide involved in food-related immune enteropathy. 

20 Thereby multiple prolamine-derived peptides involved in food-related immune 
enteropathy are detected. In the art different kinds of means of detection are 
available and the skilled person knows how to select a proper means of 
detection. Examples are chromogenic or fluorigenic substances. The invention 
thus provides methods and means for the monitoring of a T-cell reactive 

25 component in food, food component or samples from (suspected) patients. 

Furthermore the invention provides a method to decrease or more 
preferably completely inhibit the binding of an HLA-DQ restricted T-cell 
receptor to a prolamine-derived peptide involved in food-related immune 
enteropathy comprising providing a blocking substance of said T-cell receptor. 

30 By decreasing and more preferably completely inhibiting the binding of an 
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HLA-DQ restricted T-cell receptor to a prolamine-derived peptide, effects of 
the immune related food enteropathy (for example celiac sprue, tropical sprue, 
giardiasis or food allergies of childhood) are decreased or preferably completely 
diminished. Such a blocking substance associates with the T-cell receptor and 
5 prevents the T-cell receptor in its activity. For example such a blocking 
substance is a natural or synthetic variant of a prolamine-derived peptide 
according to the invention and is especially well suited for use in a therapy 
against prolamine-derived peptide sensitivity. It is clear that the binding of 
said blocking substance to an HLA-DQ restricted T-cell receptor does not allow 

10 functional signalling of a T-cell comprising said T-cell receptor. 

Furthermore prolamine-derived peptides according to the invention are 
used to prepare therapeutic agents capable of eliminating a subset of cells, 
directly or indirectly, especially gluten-sensitive T-cells. This means that an 
agent, which typically comprises a prolamine-derived peptide according to the 

15 invention as recognised selectively by T-cells, which agent induces elimination 
of the cells recognising said peptide, is administered to the patient. Such an 
agent most typically also comprises a toxic moiety to mediate the elimination 
of the prolamine specific T cells. 

In yet another embodiment the invention provides a method to decrease 

20 (or mojre preferably completely inhibit) the binding of prolamine-derived 
peptides involved in food-related immune enteropathy (for example celiac 
sprue, tropical sprue, giardiasis or food allergies of childhood) to HLA-DQ 
molecules comprising providing substances that block the binding of said 
peptides to said HLA-DQ molecules. By decreasing and more preferably 

25 completely inhibiting the binding of a prolamine-derived peptide to an HLA- 
DQ molecule, effects of the immune related food enteropathy are decreased or 
more preferably, completely diminished. A blocking substance associates with, 
for example, an HLA-DQ molecule and prevents the prolamine-derived peptide 
to associate with said HLA-DQ molecule and thereby the recognition of such a 

30 complex by an HLA-DQ restricted T-cell receptor is prevented. Such a blocking 
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substance is, for example, a natural or synthetic variant of a prolamine- 
derived peptide according to the invention. It is clear that the binding of said 
blocking substance to said HLA-DQ is such that it decreases or more 
preferably completely diminishes the binding of a prolamine-derived peptide 
5 involved in food-related immune enteropathy to said HLA-DQ molecule. 

Another way to decrease or more preferably to completely inhibit the binding 
of a prolamine-derived peptide to an HLA-DQ molecule, is by providing an 
antibody which associates with said prolamine-derived peptide or with the 
HLA-DQ restricted T-cell receptor. 

10 In yet another embodiment the invention provides a method to detect 

and/or enumerate T-cells bearing a T-cell receptor according to the invention 
comprising tetrameric complexes of HLA-DQ and a prolamine-derived peptide 
according to the invention. Methods to arrive at such a tetrameric complex are 
known in the art. In another embodiment the invention provides a method to 

15 detect and/or enumerate T-cells bearing a T-cell receptor according to the 

invention comprising (synthetic) liposomes comprising complexes of HLA-DQ 
and a prolamine-derived peptide according to the invention. Methods to arrive 
at such complexes are known by the person skilled in the art. These data 
provide a novel tool for detection and enumeration of T-cells comprising a T- 

20 cell receptor according to the invention. 

The invention further provides a method to decrease the amount of toxic 
prolamine-derived peptides in food or food components comprising incubating 
an isolated or recombinant T-cell receptor according to the invention or a host 
cell comprising a T-cell receptor according to the invention or an antibody 

25 according to the invention with said food or food component. For example an 
antibody according to the invention is coupled to appropriate carrier material 
(for example free beads or column material) and the food or food component is 
brought in contact with the coupled antibody. The amount of prolamine- 
derived peptides involved in food related immune enteropathy is reduced 

30 (preferably completely diminished) to an acceptable level. Preferably a method 
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is used to decrease the amount of prolamine-derived peptides which are 
obtainable from proteins like gliadines, glutenins, secalias, hordeins or 
avenins. 

Furthermore the invention provides a method to select and/or breed a 
5 cereal comprising providing an isolated or recombinant T-cell receptor 

according to the invention or a host cell comprising a T-cell receptor according 
to the invention or an antibody according to the invention. With such a method 
a cereal lacking at least one prolamine-derived peptide according to the 
invention is selected and/or bred. Such a method according to the invention is 

10 also performed by a host cell expressing a T-cell receptor according to the 
present invention together with an appropriate HLA-DQ expressing antigen 
presenting cell or an antibody according to the present invention. Such a 
method to select and/or breed a cereal comprises for example the next steps. 
Gluten, isolated from a particular wheat strain, is digested with an 

15 appropriate enzyme or with a mixture of enzymes. An antibody according to 
the invention is used in an immunoassay to detect toxic prolamine-derived 
peptides in said digested gluten preparation. By comparing multiple wheat 
strains/variaties for the presence/absence of prolamine-derived peptides 
(involved in food-related immune entheropathy), wheat strains are selected 

20 which are useful for breeding experiments. Cereals are selected for the 

presence or absence of prolamine-derived peptides. Such selected cereals are 
than produced via agricultural and/or industrial methods into food or food 
components for gluten sensitive individuals. Cereal, in this application, relates 
to grain or related grasses or plants that produce it and to the (prepared) 

25 foodstuff. In particular wheat gluten, but also rye, and to a lesser extent barley 
and oat may cause disease. Because prolamine-derived peptides involved in 
food-related immune enteropathy are disclosed herein, one is now able to 
genetically modify the genome of cereals to generate new cereals with a 
decreased source of toxic prolamine-derived peptide. Modifications are, for 

30 example, generated by point-mutations in the nucleic acid sequence of the 
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prolamine or are generated by replacing such a sequence by another sequence 
not giving rise to prolamine-derived peptides involved in food-related immune 
enteropathy. A cereal selected and/or bred according to a method of the 
invention is used to prepare food low or preferably free of prolamine-derived 
5 peptides involved in food-related imm une enteropahty. 

In another embodiment the invention provides an analogue of a 
prolamine-derived peptide according to the invention characterised by that 
said analogue is an antagonist for the activity of T-cells bearing an HLA-DQ 
restricted T-cell receptor recognising said prolamine-derived peptide. 

10 Examples of prolamine-derived peptides according to the invention are 
disclosed in Table 2 and/or Table 5. Now that these specific peptides are 
disclosed, it is within the reach of a person skilled in the art to make 
analogues. It is clear that the binding of such an antagonist to an HLA-DQ 
restricted T-cell receptor does not allow functional signalling of a T-cell 

15 comprising said T-cell receptor. 

In another embodiment the invention provides a pharmaceutical 
composition comprising a prolamine-derived peptide according to the present 
invention. Such a pharmaceutical composition is used for the induction of 
tolerance against said prolamine-derived peptide. For tolerance induction 

20 doses pf a prolamine-derived peptide according to the invention are given 

repeatedly, for instance intravenously, but other routes of administration are 
suitable too. Another possibility is the repeated oral or nasal administration of 
such a prolamine-derived peptide. Such a prolamine-derived peptide according 
to the present invention is given alone, or in combination with other (toxic) 

25 prolamine-derived peptides, or as part of larger molecules, or coupled to carrier 
materials/molecules. A pharmaceutical composition comprising a prolamine- 
derived peptide according to the present invention is also used for elimination 
of a certain subset of T-cells or for the treatment of gluten-sensitivity. 
Preferably such a pharmaceutical composition according to the present 

30 invention contains various, different kinds of, prolamine-derived peptides. 
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In yet another embodiment use is made of a protease inhibitor or of acid 
neutralizing substances for preventing the generation of a prolamine-derived 
peptide according to the invention or a polypeptide comprising a prolamine- 
derived peptide according to the invention. The proteins from which the 
5 prolamine-derived peptides are derived are not capable of binding to an HLA- 
DQ molecule directly and must first be processed by proteases to provide a 
peptide or peptides capable of binding to an HLA-DQ molecule. Prolamine- 
derived peptides and polypeptides comprising a prolamine-derived peptide 
according to the invention are bound to HLA-DQ molecules and are thereby 
. 10 recognized by a T-cell receptor. By preventing the formation of prolamine- 
derived peptides, binding to HLA-DQ molecules and recognition by T-cell 
receptors is prevented. One way to prevent a prolamine-derived peptide from 
being generated is by inhibiting the enzyme (for example by protease 
inhibitors) which is capable of processing the proteins from which the 

15 prolamine-derived peptides are derived (for example glutenins and/or 

gliadins). Another way to prevent the prolamine-derived peptides from being 
generated is inactivating the enzyme, which is capable of processing the 
proteins from which the prolamine-derived peptides are derived by providing 
neutralizing substances. Pepsin and trypsin are examples of enzymes that 

20 work under acidic conditions and by providing neutralizing substances the 
effects of these enzymes are diminished or more preferably completely 
inhibited. 

The invention will be explained in more detail in the following detailed 
25 description which is not limiting the invention . 



WO 02/083722 



PCT/NL02/00235 



16 

EXPERIMENTAL PART 



Children with CD. 

Twenty-two caucasiod CD patients were included in the present study. 
6 Their age at diagnosis (first small bowel biopsy) was between 1 and 9 years old 
(average age 3,6 years, SD 1.8; 1 year old, 3 patients; 2 years old, 3 patients; 3 
years old, 8 patients; 4 years old, 5 patients; 6 years old, 2 patients; 9 years 
old, 1 patient). All the patients expressed the disease associated DQ2 allele 
encoded by DQA1*05/DQB1*02. 

10 

Antigens and peptides. 

A pepsin/trypsin digest of gluten was prepared as described [1] . Peptides 
were synthesised by standard Fmoc chemistry on a multiple peptide 
synthesiser (SyroII). Integrity of synthetic peptides was checked by rpHPLC 
15 and mass spectrometry. Tissue transglutaminase (tTG) treatment was 

performed by incubating the peptides with this enzyme (Sigma; T-5398) at a 
concentration of 500 jig/ml and 100 fig/ml respectively at 37°C for 4 h 
minimum, in 50 mM TEA-acetate pH 6.5, 2 mM CaCk. 



20 Isolation of gluten specific T cell lines. 

Polyclonal gluten specific T cell lines were generated from small 
intestinal biopsy of the celiac disease patients as described [1, 2]. In short, 
small intestinal biopsies were cultures with either the trypsin/pepsin treated 
gluten preparation or a tTG/trypsin/pepsin treated gluten preparation. After 

25 one round of restimulation with the gluten preparations in the presence of 
autologous PBMC the cells were expanded with IL-2, tested for specificity and 
frozen until further use. T cell clones were generated as described previously 
[1, 2]. In proliferation assays in which matched and mismatched APC were 
used it was found that the T cell lines and/or clones responded to stimulation 

30 with gluten preparation in the presence of HLA-DQ2 positive APC only. 
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Moreover, the response could be blocked with DQ-specific antibodies. The 
parents of all patients gave informed consent to the study, which was approved 
by the hospital ethics committee. 

6 T cell proliferation assays. 

Proliferation assays were performed in duplicate in 150 nl culture 
medium (RPMI1640 [Gibco], containing 10% human serum) in 96-well flat- 
bottomed plates (Falcon) using 10 4 T cells stimulated with 10 5 irradiated 
PBMCs (3000 RAD) in the presence or absence of antigen at the indicated 

10 concentrations. After 48 hours, cultures were pulsed with 0.5 fiCi of 3 H- 

thymidine and harvested 18 hours thereafter. Another way to perform a T cell 
proliferation assay is described below. 

Triplicate wells with irradiated APC were incubated overnight with 
antigen in U-bottomed 96 well plates in a total volume of 100 \d before T cells 

15 (5 x 10 4 ) in a volume of 50 \*1 were added. [ 3 H]-thymidine was added 2 days 
later and the plates were incubated further 12-16 h before [ 3 H] -thymidine 
incorporation was counted on a Betaplate Counter (Wallac Turku). DR3 + DQ2 + 
B lymphoblastoid cells (irradiated 80 Gy) was used as APC. 
HLA restriction of the TCC was first determined by comparing the 

20 proliferative response to a peptide pulsed, DQA1*05/DQB 1*0301 positive B- 
LCL SWEIG with and without an additional transfected DQB1*0201 chain. 
This restriction was confirmed by inhibition of T cell activation with a 
monoclonal antibody (SPV-L3, DQ monomorphic) using a 
DQA1*05/DQB1*0201 homozygous B-LCL as APC. 

25 Results obtained from both T cell proliferation assay provide comparable 

data. 



30 



HPLC purification of the pepsin/trypsin digest of gluten. 

Approximately 1 mg of an enzymatic digest of gluten was fractionated 
via micro-rpHPLC (SMART system, column C2/C18, sc 2.1/10, Pharmacia) 
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using an acetonitrile gradient from 0 to 70% (2%/min, flow rate 100 jil/min, 
containing 0.1% trichloroacetic acid). The second dimension of fractionation by 
rpHPLC was performed with a gradient of 0.6% acetonitrile per min, and in a 
third round trifluoroacetic acid was replaced with 0.1% heptafluorobutyric 
5 acid. 

Mass spectrometry. 

Electrospray ionization mass spectrometry was performed on the most 
abundant peaks present in the bioactive HPLC fraction using a Q-TOF hybrid 

10 mass spectrometer (Micromass, Manchester, UK) as described [1, 2]. Briefly, 
precursors were selected with the quadrupole and fragments were collected 
with high efficiency with the orthogonal time of flight mass spectrometer. The 
collision gas applied was argon (pressure 4xlO B mbar) and the collision voltage 
approximately 30 V. Another way to perform mass spectrometry is described 

15 below. 

Electrospray ionization (ESI) mass spectra were recorded on a 
quadrupole-Time-of-Fhght (Q-TOF) mass spectrometer (Micromass, 
Manchester, UK) and ion matrix-assisted laser desorption ionisation (MALDI) 
spectra were acquired on a Bruker Reflex II MALDI-TOF instrument (Bruker- 

20 Daltonik, Bremen, Germany). After purification, the samples were sprayed 
from nanoelectrospray needles (MDS Proteomics, Odense, DK) held at 800 V 
towards a skimmer cone (40 V). In collision-induced dissociation (CED) 
experiments (8.7 x 10-« mBar argon, collision energy 32 to 40 eV), product ions 
were analyzed by the orthogonal TOF analyzer. 

25 Besults obtained from both methods provide comparable data. 



Database searching. 

The program PeptideSearch was used for sequence elucidation. 
Database similarity searches were done on the basis of the newly identified 
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gluten peptide sequences by FASTA searches in a selected subset of wheat 
proteins from the Swiss Prot databank. 

Adult coeliac patients. 
5 Thirteen adult celiac disease patients were included in the study, which 

was approved by the regional ethical committee. Patient CD411 and CD410 
were untreated, whereas patients CD380, CD377, CD421, CD370, CD387, 
CD423, CD429, CD430, CD432, CD436 and CD450 were on gluten free diet. 
All subjects expressed the disease associated DQ2 molecule encoded by 
10 DQA1*05/DQB1*02 alleles. 

Amplification, cloning and production of recombinant y-gliadins. 

The amplification, cloning and production of recombinant gliadins was 
performed as previously described [6]. Briefly, amplification from genomic 

15 DNA isolated from the Nordic wheat strain Mjelner was performed using 
primers designed to amplify full-length mature y-gliadin. PCR products of 
appropriate size were cloned into the pETl7xb expression vector. Cycle 
sequencing of gliadin clones were performed on PCR products using the 
Thermo Sequenase dye terminator cycle sequencing pre-mix kit (Amersham 

20 Pharmacia Biotech) according to the manufacturers manual. Sequencing 
products were run on an ABI Prism 377XL DNA sequencer (Perkin Elmer, 
Norwalk, Connecticut, USA). Plasmids containing fulUength y-gliadin genes 
were expressed in E. coli using the pET expression system. Gliadin was 
extracted from B. coli by incubation in 70% ethanol at 60°C for 2 hours and 

25 precipitated by addition of NaCl to a final concentration of 1 M. Analysis of the 
gliadin preparations on Coomassie Blue stained SDS PAGES revealed 
dominant bands of the appropriate weight with only minor contaminations. 
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Biochemical purification of fragments from recombinant gliadin 
stimulatory for T cells. 

The method for preparation of T cell active gliadin fragments has been 
described elsewhere [4]. In brief, 10 mg of the recombinant y-5 protein 
5 (prepared as described in the section above) was dissolved in 8 M urea/0.4 M 
NH4HCO3 and then reduced, alkylated and dialyzed against 0.1 M 
NH4HCO3/O.I mM CaCh. Following digestion with a-chymotrypsin (1:100 
wt/wt) the material was subjected to gelfiltration using a FPLC with a 
Superdex 200 HR 10/30 column (Amersham Pharmacia Biotech) in a 0.1 M 

10 NH4HCO3 buffer. Prior to testing for T cell recognition fractions were treated 
with 100 ng/ml guinea pig tTG (Sigma Chemical Co.) in 0.8 mM CaCb. 
Fractions containing stimulatory material were further separated by anion 
exchange chromatography (Mono-Q PC 1.6/5; Amersham Pharmacia Biotech) 
equilibrated with 5 mM Tris/HCl buffer, pH 6.5, and developed with a gradient 

15 with a final ending at 50 mM NaCl. T cell stimulatory MonoQ fractions were 
subsequently subjected to reverse-phase HPLC (nRPC C2/C18; Pharmacia) 
using a gradient running from 100% buffer A (0.1% TFA in H 2 0) to 100% 
buffer B (80% acetonitrile, 19.9% H2O, 0.1 % TFA). The Mono-Q and the 
reverse-phase HPLC were run on a SMART system (Pharmacia). 

20 

Preparation of antigen* 

Pepsin, pepsin-trypsin or chymotrypsin digestion of crude gliadin was 
performed as previously described [7, 8]. The peptides were either purchased 
from Research Genetics or synthesized at the Institute of Organic Chemistry, 

25 University of Tubingen, Germany. The latter synthetic peptides were prepared 
by multiple solid-phase peptide synthesis on a robotic system (Syro 
MultiSynTech, Bochum, Germany) using Fmoc/OtBu-chemistry and 
2-chlorotrityl resin (Senn Chemicals AG, Dielsdorf; Switzerland) [9]. Identity 
of the peptides was confirmed by electrospray mass spectrometry and purity 

30 was analyzed by RP-HPLC. Treatment of the peptides with guinea pig tTG 
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was performed in 37°C for 2 hours in PBS and 1 mM CaCh using 100 jig/ml of 
tTG. 

Gliadin specific T cells. 
5 T cell culturing and assays were performed in RPMI 1640 supplemented 

with 15% pooled, heat inactivated human serum, 0.01 M 2-ME, 
penicillin/streptomycin and 2.5 iig/ml Plasmocin (InvivoGen). The generation 
of T cells lines was performed as previously described [4]. In short, single 
biopsy specimens were cultured overnight in an organ culture chamber by 

10 immersion in culture medium with gliadin antigen. Biopsies from patients 
CD380, CD410, CD370, CD387, CD411 and CD430 were challenged with a 
pepsin-trypsin digest of gliadin, biopsies from patient CD436 were stimulated 
with a pepsin digest of gliadin, biopsies from patients CD377, CD421 and 
CD423 were stimulated with chymotrypsin digested gliadin and biopsies from 

15 the patient CD432, CD429 and CD450 were stimulated with chymotrypsin 

digested gluten. Gliadin from Sigma Chemical Co., gliadin extracted from flour 
prepared from the wheat strain Kadett, or gluten extracted from the wheat 
strains Avle or Mjolner were used as antigens. Following challenge, the 
biopsies were chopped with a scalpel and treated with collagenase A, or passed 

20 through a Medimachine (DAKO) to produce single cell suspensions, filtered 
through a 70 urn filter and seeded into 96 U-bottomed plates containing 
irradiated autologous PBMCs together with 10 U/ml IL-2. The cells were 
cultured in 5% CO2 at 37°C. 

TCC were established from antigen specific TCL by seeding at limiting 

25 dilution in a volume of 20 \& in the presence of 2X10 4 allogeneic irradiated 
PBMC, 3 \xg PHA and 10 U/ml EL-2. TCL and TCC were expanded by periodic 
stimulation with 3 ^ig/ml PHA, 10 U/ml IL-2 and allogeneic irradiated PBMC. 
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Sequencing of T-cell clones* 

For T cell receptor sequencing mRNA was isolated from the T cell 
clones. The mRNA was transcribed into cDNA and the T cell receptor V-alpha 
and V-beta gene usage was determined using V-alpha and V-beta specific 
6 primers. The relevant cDNA fragments were sequenced by the company 
BaseClear (Leiden, The Netherlands). 
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RESULTS 

1. Establishment of gluten specific T cell lines (TCL) from paediatric 
patients 

6 In order to investigate the gluten specific T cell response early after 

disease induction, T cell biopsies were collected from patients that were 
suspected of celiac disease as indicated by either typical clinical symptoms 
and/or a positive anti-endomysium test. The age of patients at time of biopsy 
was between 1 year and 9 years. In the present study only patients with a 

10 confirmed diagnosis of celiac disease have been included. All patients 
expressed the disease associated DQ2 allele (DQA1*05/DQB1*02). 

When multiple biopsies of a patient were obtained individual biopsies 
were cultured with either a trypsin/pepsin digest of gluten (termed gluten 
hereafter) or the same preparation that had additionally been treated with 

15 tTG (termed tTG-gluten hereafter). After 5 days IL-2 was added and cultures 
that showed evidence of T cell proliferation were expanded and tested for 
specificity in a proliferation assay using the two gluten preparations and HLA- 
DQ matched antigen presenting cells (see below). With one exception we only 
succeeded to grow gluten specific T cells from biopsies of patients that were 

20 diagnosed with celiac disease (not shown). 

Gluten specific T cell lines were selected after initial stimulation with 
gluten or tTG-gluten (Figure 1). Altogether 26 gluten reactive T cell lines were 
obtained from 22 patients. Sixteen T cell lines were acquired after primary 
stimulation of the biopsies with gluten (Figure 1A). Out of these 16 lines only 5 

25 responded to stimulation with gluten while the remainder responded to tTG- 
gluten (Figure 1A). Ten T cell lines were acquired after primary stimulation of 
the biopsies with tTG-gluten, all of which responded to stimulation with tTG- 
gluten whereas one also responded towards gluten (Figure IB). 
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Thus, a large part of the gluten specific T cell response in paediatric 
patients appeared to be directed towards deamidated gluten but in 5 out of 22 
patients (~ 25%) a response towards non-deamidated gluten was also evident. 



5 2. Generation of gluten specific T cell clones (TCC) 

Gluten specific T cell clones were generated from gluten specific T cell 
lines of nine patients (Table 1). These clones were tested against gluten and 
tTG-gluten in the presence of HLA-DQ matched antigen presenting cells. 
Three patterns of reactivity were observed: i) T cell clones that did not respond 

10 to gluten but did respond to tTG-gluten (Table 1, tTG-gluten only); ii) T cell 
clones that responded to both gluten and tTG-gluten, tTG treatment often 
enhanced this reactivity (Table 1, gluten & tTG-gluten); iii) T cell clones that 
did respond to gluten but not to tTG-gluten (Table 1, gluten only). In 8 out of 9 
patients tTG-dependent clonal T cell responses were found. In six patients, 

15 however, specific responses to non-deamidated gluten were also observed. 

Thus in agreement with the results obtained with the polyclonal T cell 
lines a large proportion of the gluten specific responses is directed to 
deamidated gluten but responses to non-deamidated gluten are also common 
in paediatric patients. 



20 
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Table 1. Gluten specific T cell clones derived from polyclonal gluten specific T 
cell lines of children with celiac disease. 



Patient 


Age 
(years) 


HLA Typing 


#Tcell 
clones* 


# T cell clones responding to 


tTG-gluten 
only* 


Gluten & 
tTG-gluten 


gluten 
only 


DB 


6.1 


DQ2, DR3 


11 


5« 


2 


4 


JB 


3.1 


DQ2, DR3 DR7 


10 


8 


1 


1 


NB> 


4.0 


DQ2, DR3 


32 


32 






SB 1 


4.0 


DQ2, DR3 


28 


24 


4 




NP 


3.8 


DQ2, DR3 


1 




1 




JP 


1.2 


DQ2, DR3 


34 


14 ; 


10 


10 


MS 


4.3 


DQ2, DR3 


13 


12 


1 




NV j 


1.2 


OQ2, DR3 DR7 


18 


18 






sv ; 


2.4 


DQ2, DR3 DR7 


37 


2 


32 


3 



# clones generated from polyclonal gluten reactive T cell line 

tTG treatment of gluten differentially affects clonal T cell responses to gluten: 

tTG-gluten only: T cell clones that respond to tTG-gluten only. 

tTG- gluten and gluten: T cell clones that respond to gluten and tTG-gluten, tTG 

often enhances T cell reactivity. 

gluten only: T cell clones that respond to gluten only. 

Number of T cell clones exhibiting the gluten specific reactivity indicated 

NB and SB are identical twins, the other patients are unrelated. 



10 
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10 



Table 2. Amino acid sequence of novel T cell stimulatory gluten peptides 
The amino acid sequence of four of the novel gluten epitopes could be matched 
with protein sequences from databases, and are named after the origin of the 
peptide: Glia-a, Glia-y, and Git, for a-gliadin, y-gUadin and glutenin molecules 
respectively. The remaining two gluten epitopes are indicated with Glu. The 
amino acid sequence of the characterised peptides, the minimal epitopes 
required for T cell stimulation and the designation of the T cell clones (TCC) 
used to characterise the peptides, are indicated. The glutamine residues that 
are specifically deamidated by treatment with tTG are indicated in bold. 



Designation Characterised peptide 



Gtia-a20(93- 

106) 

Giia-y30(222- 

236) 

GIM 56(40-59) 
Glt1 7(46-60) 

Glu-21 
Glu-5 



PFRPQQPYPQPQPQ 
VQGQGIIQPQQPAQL 



Minimal epitope 
nd 

IIQPQQPAQ 
PFSQQQQSPF 



QQQQPPFSQQQQSPFSQQ 
QQ 

QQPPFSQQQQQPLPQ 
QPQPFPQQSEQSQQPFQP 
QPF 

QQXSQPQXPQQQQXPQQP QXPQQPQQF 
QQF* 



TCell 
Clone 
JB20 

SV30 

MS156 



PFSQQQQQ NV17 
QSEQSQQPFQ SV21 
PQ 



JP437 and 
P27 



not determined 
'X is isoleucine or leucine 
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3. Characterisation of novel gluten epitopes 

Next we determined the specificity of several of the gluten specific T cell 
clones. To this end the clones were first tested against peptides corresponding 
to three known HLA-DQ2 restricted T cell stimulatory gliadin derived peptides 

5 (see below). This analysis indicated that the large majority of the T cells did 
not respond to these peptides, and were thus likely to be reactive towards yet 
unidentified gluten peptides (not shown). To characterise these novel peptides 
we have used two different methods. First we identified gluten epitopes from a 
pepsin/trypsin digest of (tTG-) gluten. The digests were fractionated by 

10 repetitive rpHPLC and epitopes in the T cell stimulating fractions were 

identified by ESI-mass spectrometry as described [1, 2]. This method led to the 
characterisation of three novel T cell stimulatory peptides: Glia-y30(222-236), 
Glu-21, and Glu-5 (Table 2). Second we tested the T cell clones against a set of 
250 synthetic gluten peptides. The sequences, both gliadin and glutenin, were 

15 derived from gluten databases. Pools of 5 peptides, untreated and treated with 
tTG, were tested in a T cell proliferation assay. After identification of T cell 
stimulatory peptide pool(s) the individual peptides in that pool were analysed 
to identify the T cell stimulatory peptide. A representative example of this 
procedure is given in Figure 2. Clone JB20 responded towards 5 out of 50 

20 peptide pools (Figure 2A). Analysis of the sequence of the peptides present in 
those pools indicated that the sequence PQQPYPQPQPQ was present in all 
the T cell stimulatory pools and thus likely responsible for the T cell 
stimulatory activity (Figure 2B). Testing of the individual peptides confirmed 
this (not shown). This method has led to the identification of three additional 

25 novel T cell stimulatory peptides: Glia-<x20(93-106), Glt-156(40-59) and Glt- 
17(46-60) (Table 2). The latter two peptides, though distinct, show a large 
degree of sequence homology, e.g. they share the sequence QQPPFSQQQQ (see 
Table 2). For four of these six novel peptides deamidation by tTG either 
enabled or enhanced the T cell stimulatory activity (Bee below). Therefore, the 

30 effect of tTG treatment was determined by mass spectral analysis of the 
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original peptides and the tTG treated peptides as described previously [3]. A 
representative example of this procedure is shown in figure 3. This analysis 
indicated that the glutamine residues underlined in Table 2 are modified by 
tTG. 

6 In order to identify the minimal peptide sequence required for the 

induction of T cell stimulation, N- and C- terminal truncation variants of these 
5 peptides were synthesised and tested for their T cell stimulatory activity 
essentially as described before [1, 2]. A representative example of this 
procedure is shown in Figure 4. This analysis has led to the minimal epitopes 
10 indicated in Table 2. 

4. Clonal analysis of T cell responses to novel gluten peptides 
demonstrates three modes of responses. 

Subsequently we tested the response of the T cell clones to the identified 
15 peptides in deamidated and non-deamidated form (Figure 5). The response of T 
cell clone SV30 towards the Glia-y30 peptide was found to be largely 
indifferent to deamidation. In contrast, the response towards the Glia-a20, 
Glt-17 and Gltl57 peptides required prior deamidation. While the response 
towards the Glu-5 peptide is dependent on deamidation in the case of TCC 
20 JP43, it was not influenced by deamidation in the case of TCC NP27. Finally, 
deamidation abolished the response towards the Glu-21 peptide. Thus, in 
agreement with the results shown in Table 1, the effect of tTG on gluten 
specific T cell stimulation is heterogeneous and can be positive, neutral and 
negative. 

25 

5. T cell reactivity towards naturally occurring, variant peptide 
sequences 

Homology searches in a dedicated ghadin/glutenin database indicated 
that the identified gliadin peptides represent relatively rare sequences (not 
30 shown). In contrast, many natural variants of the glutenin sequences were 
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found. A search with the sequence QQPPFSQQQQ, which is shared between 
the T cell stimulatory glutenin peptides, yielded 95 hits in the gliadin/glutenin 
database (not shown). Further analysis revealed that this represented 34 
distinct but homologous sequences. Of these, 32 were glutenin sequences while 
5 2 were gliadin derived. Eight of these sequences were selected, synthesised 
and tested for T cell stimulatory activity (Figure 6). Five of the peptides were 
found to stimulate the Gltl66 reactive T cell clone MS156, while the T cell 
clone NV17 responded to 7 of these peptides. Thus, the response of these 
glutenin specific T cell clones is highly promiscuous and directed to multiple 
10 glutenin homologous peptides. Strikingly, while each clone exhibited a unique 
reactivity pattern, both clones responded to stimulation with glutenin and 
gliadin derived homologues. 

6. Heterogeneity in paediatric T cell responses towards gluten 
15 peptides 

Subsequently the gluten specific T cell clones of all patients were tested 
against the previously characterised HLA-DQ2 restricted gluten peptides as 
well as against the peptides reported in the present study. The results 
obtained with representative clones from each patient are summarised in 

20 Table 3. Responses to some peptides were found in one patient only, while 
responses to the novel Glu-5 and Glia-a20 peptides as well as the previously 
identified gamma-gliadin peptide were found in various patients. These thus 
represent more immunodominant peptides in paediatric patients. T cell 
responses towards the a-gliadin peptides which have been reported to be 

25 immunodominant in adult patients were found in three paediatric patients, 
among whom the identical twins that show very similar reactivity against the 
gluten epitopes. Moreover, in these 9 patients we observed 8 different 
reactivity patterns as a consequence of tTG treatment of gluten (Table 3). 
These results indicate a highly diverse response against the various peptides. 



30 
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Table 3. Overview of T cell responses against DQ2 epitopes 
T cell reactivity of T cell lines and/or T cell clones of paediatric patients were 
tested against tlie DQ2 epitopes disclosed herein and the previously published 
epitopes Glia-a2(62-75) PQPQLPYPQPQLPY, Glia-a9(67-68) 
5 QLQPFPQPQLPY, and Glia-yl(138-153) QPQQPQQSFPQQQBPF [4, 5]. 
Blocks marked with tTG indicate responses that are dependent on 
deamidation, blocks marked with no tTG indicate responses that do not 
tolerate deamidation. For unmarked blocks the influence of deamidation on 
the responses has not been determined or is not influenced by deamidation. 





Novel DQ2 gluten epitopes 


Glia 


Glia 


Glia 


Young 
patients 








yi 


o2 


a9 




Glia 
o20 


Glia 


Git 
17 


Git 
156 


Glu 
5 


Glu- 
21 








LP 


















JB 


tTG 












tTG 






JP 












— 








MB 










■ 










SV 




■ 








no 
tTG 


tTG 






NP 








tTG 






tTG 




NV 






tTG 


tTG 












MS 






tTG 


tTG 






tTG 






RR 






tTG 


tTG 






tTG 


tTG 




KL 














tTG 


tTG 


DB 


tTG 






= 


1 






tTG 


I 


SB 
















tTG 


tTG 


NB 














tTG 


tTG 


tTG 


BD 
















tTG 


tTG 


LS 
















tTG 


tTG 


MaB 














tTG 
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7. Amplification, cloning and sequencing of the y-gliadin genes 

To express a panel of y-gliadin genes genomic DNA from the wheat 
strain Mjelner (a wheat strain commonly grown in Norway) was isolated. PCR 
primers were designed to amplify all known mature y-ghadins. Partial DNA 
5 sequencing of 29 independent clones obtained from a PCR with these y-specific 
primers gave 12 sequences unrelated to gliadin and 17 gliadin sequences. 
Subsequent screening of the gliadin genes for expression identified 11 clones 
that could be productively expressed and purified. Sequencing of these gliadin 
genes identified 11 unique sequences. At the protein level these 11 distinct 

10 DNA sequences translated into 6 distinct y-gliadins (y-1, y-2, y-3, y-4 and y-5, 
respective accession numbers AJ133613, AJ416336, AJ416337, AJ416338 and 
AJ416339) (Figure 7) and all contained the known Glia-y-1 and the Glia-y-30 
epitopes. By performing a BLAST search for the deduced protein sequences in 
all the major non-redundant protein sequence databases, only one of the 

15 recombinant y-gliadins (y-1) gave an identical match with a previous entry 
(GenBank accession number AJ133613). 



8. Proteolytic fragments of recombinant y-5 gliadin stimulatory for 
intestinal T cells 

As gliadin proteins are insoluble at physiological salt concentrations, the 
recombinant y-gliadins were made soluble by digestion with either pepsin or 
chymotrypsin prior to use in T cell assays. These soluble antigens were then 
treated with tissue transglutaminase and tested for tbeir ability to stimulate a 
panel of gluten specific TCL that we had previously found not to respond to 
either of the known y-gliadin epitopes (Glia-7-1 and Glia-y-30) (Table 4). 
Initially, we found that a T cell line from the patient CD411 (TCL CD411E) 
responded to all the tTG-treated recombinant gliadin proteins (y-1 to y-5), but 
had no or only a low response to the same ghadins untreated by tTG. As this T 
cell line did not recognize any of the known y-gliadin epitopes (Glia-y-1 and 
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Glia-7-30) this indicated that the response was towards new identified peptide 
epitopes in the y-gliadin. 



Table 4. Screening of intestinal T cell lines against a panel of recombinant y- 
5 gliadins 



TCL 


+ 


Y-l 


y-2 


r-3 


y-4 


y-5 


380 E 


29.9 


1.7 


1.54 


1.9 


1.4 


1.1 


377.5 


7.4 


1.2 


1.1 


1.3 


1.5 


1.2 


411 E 


17.5 


3.2 


2.1 


5.8 


7.2 


6.6 


421.1.1 


18.9 


0.9 


0.9 


1.3 


0.7 


0.7 


430 l.d 


23.6 


1.7 


1.7 


1.5 


1.9 


1.9 


410 


12.8 


1.4 


0.6 


1.2 


1.6 


0.6 



Tcell lines (TCL) isolated from six adult CD patients were tested for recognition of 5 
different chymotrypsin digested and tTG treated recombinant ^gliadins (yl to y-5), TCLs that 
did not respond to any of the two previously characterized Y-gliadin epitopes DQ2^I[$] and 



10 DQ2-r-H were chosen. Chymotrypsin digested gliadin from the wheat variety Kadett was used 
as a positive control ft). Results are given as the stimulation index (SI), calculated with help of 
the next formula: (cpm after specific stimulation - cpm background) /cpm background. 

To identify the T cell reactive epitopes in y-gliadin, peptide fragments 
16 were isolated from one of the recombinant gliadins (y-5) following series of 

biochemical purification steps using two T cell clones made from the T cell line 
CD411E to identify positive fractions (TCC CD411 E2.47 and TCC CD411 
E2.104, referred to as TCC 411A and TCC 411C, respectively). The y-5 
recombinant gliadin was treated with chymotrypsin and separated using size 
20 exclusion chromatography (Superdex 200 HR 10/30 column). Fractions were 
then treated with guinea pig tTG and tested for recognition by TCC 41 1A 
(Figure 8A) and TCC 411C. Fraction 36 most efficiently stimulated the T cell 
clones and was subsequently subjected to ion exchange chromatography 
(Mono-Q PC 1.6/5). Notably, only a small proportion bound to the column 
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whereas most of the material was found in the "flow-through* (fraction 2, 3 
and 4). Nevertheless, as active material was found in these early fractions 
(Figure 8B), we applied the T cell reactive MonoQ fraction 2 to the reverse- 
phase HPLC (fiRPC C2/C18). This produced two fractions (fraction 14 and 16) 
5 that stimulated the TCC 411A (Figure 8C). Fraction 16 also stimulated the 
TCC 411C. Analysis of these fractions by Electrospray ionization mass 
spectrometry (ESI) identified 8 different peptides clustered in three different 
regions of the y-5 recombinant (Figure 9). Interestingly, fraction 14 contained 
peptides that overlapped completely the Glia-y-30 epitope and partly the Glia- 
10 y-1 epitope whereas fraction 16 contained peptides that completely overlapped 
the Glia-y-1 epitope. 

9, Identification of 3 new DQ2 restricted T cell epitopes in the y-5 
gliadin 

15 To identify the T cell epitopes contained within the HPLC fractions 14 

and 16 of the y-5 gliadin, overlapping peptides spanning the regions I (16 
peptides) and II (18 peptides) (Figure 10) were synthesized. These peptides 
were tested against five TCC; TCC 411A and B and TCC 430 A, B and C. The 
latter three TCC were generated from an intestinal T cell line (TCL CD430) 

20 that was responsive to several peptides from region I and II. Two types of T 
cell reactivity patterns were found against peptides from region L The first 
type of reactivity pattern is exemplified by the TCC 430B and TCC 430C. 
These TCC were reactive with the minimal peptide y5 (66-78) (defined as the 
DQ2-y-HI epitope; Table 6A) in a strict tTG dependent manner (Figure 11A). 

25 The TCC 411A and TCC 411B represent the second type of reactivity 

pattern against peptides of region I. These TCC recognized the peptide y-5 (60- 
79) (defined as the DQ2-y-V epitope; Table 5A), and for these TCC deamidation 
by tTG had no influence on T cell recognition, neither for the chymotrypsin 
treated crude gliadin nor for the peptide (Figure 11B). 
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A single type of reactivity pattern, represented by TCC 430A, was found 
against peptides of region II. This TCC recognized the peptide y-5(102-113) 
(defined as the DQ2-y-IV epitope: Table 6A) in a strictly tTG dependent 
manner, and the TCC had a weak response that was strongly enhanced by tTG 
5 treatment against chymotrypsin treated crude gliadin (Figure 8C). 

10. Identification of a third o-gliadin epitope that clusters with the 
DQ2-a-I and DQ2-ct-II epitopes 

During the screening of T cells recently generated within our laboratory 

10 it became clear that a third a-gliadin epitope existed within the a-2 

recombinant gliadin (accession number AJ1336 12). Two T cell clones were 
identified that were stimulated by the a-2 recombinant gliadin but failed to 
respond to either of the DQ2~a-I or DQ2-a-H peptide epitopes. Because the 
pattern of epitope clustering observed with the DQ2-a-I or DQ2-a-II epitopes 

15 was also evident with the epitopes in the y-5 recombinant, we wondered 

whether the DQ2-a-III epitope also clustered with the DQ2-a-I and DQ2-ct-H 
epitopes. Indeed, testing of peptide (a-2(64-75)) with Q-»E substitution in 
position 72 and partly overlapping with both the DQ2-a-I and DQ2-oc-II 
epitopes efficiently stimulated both the TCC CD370.2.25 and TCC CD370 

20 E3. 19 {referred to as TCC 370A and TCC 370B) (Figure 12A) whereas the 
DQ2-cc-I and DQ2-a-II did not. Testing this native peptide failed to stimulate 
these two T cell clones. The glutamine in position 72 is naturally targeted by 
tTG and is located in the same position within the repetitive seven-residue 
fragment as for the two other epitopes. Testing of this new peptide (a-2(64- 

25 75)E72/DQ2-a-HI (Table 5A) against the DQ2-ct-I specific TCC CD387 E9 and 
the DQ2-a-II specific TCC CD436.5.4 elicited a low T cell response, and then 
only at a very high peptide concentration (50 nM), indicating that this epitope 
is distinct from the DQ2-a-I and the DQ2-cc -II epitopes (Figure 12B and 12C). 



30 
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Table 5, Sequences given under A are new epitopes identified with T cell 
clones and have been characterised by fragments/peptides from the 
recombinant gamma-6 protein and a panel of synthetic peptides. The peptides 
disclosed under B are synthetic peptides from the M36999 gamma-gliadin 
which stimulate one or more T cell lines. The underlined parts show the 
deduced minimal epitopes. 



Table 5A: DQ2 restricted gliadin epitopes 



Epitope Peptide 



Sequence 1 



T cell clones (TCC)/ 



DQ2-y.ni 


Y-5 (66-78)E68,E71 


FPQQPQQPYPQQP' 


TCC: 430B, 430C 


DQ2-Y-IV 


y-5 (102- 


FSQPQQQFPQPQ 3 


TCC: 430A 








TCL; CD411 E, CD429.1.6 




113)E106,E108 




DQ2-Y-V 


y-5 (60-79) 


LQPQQPFPQQPQQPYPQQPQ 


TCC: 411A, 411B 


DQ2-a- 






TCL: CD411 E 


a-2 (64-75)E72 


PQLPYPQPQLPy 


TCC: 370A, 370B, 


III 






TCL: CD419.3, CD411 E, 






CD433.1, CD380 E3 



10 Table 5b: y-gliadin-derived dodecapeptide epitopes recognized by T cells. 

Epitope Designation Peptide sequence 4 * 5 Homology to T cell clones (TCC)/ 

epitopes T cell lines ( 



M36999 (11-30) WPQQ QPFPQPQQPF CQQPQR DQ2-a-I 

M36999 (61-80) QFPQTQQPQ QPFPQPQQTF P DQ2-a-I, 

QFP QTQQPQQPFPQPQQ TFP DQ2-y-IV 

M36999 (71-90) PFPQPQQTFPQQPQLPFPQQ DQ2-y-m 

M36999 (91-110) PQ QPFPQPQQPQ QPFPQSQQ DQ2-a-I 

M36999 (111-130) PQQ PFPQPQQQFPQPQ QPQQ DQ2-y-IV 



t(TCL) 



15 



M2 
M7 

M8 

M10 

M12 



TCL: CD411E, 
CD432.1.2 
TCL: CD411E, 
CD432.1.2 

TCL: CD411E 

TCL: CD411E 

TCL: CD411E, 
CD432.1.2, 

CD429.1.6 



1 Glutamine residues targeted by tTQ are in bold 

2 The MS/MS analysis indicated tTG-mediated deamidation of glutamines in position 3 and 
positions 6 or 7. 

3 tTG-mediated deamidation of the glutamines in positions 106 and 108 is required for T cell 
recognition 

4 Sequences homologous to epitopes in Table 6a are underlined. 
6 Glutamine residues targeted by tTG are not determined 
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11. Epitopes identified in the y-gliadin M36999 using overlapping 
peptides 

We also tested a set of 23x20mer peptides that overlapped by 10 
residues and that cover nearly all of the gamma gliadin M36999 [10] and 
5 screened for recognition of these peptides after tTG treatment by a panel of 6 
gluten specific polyclonal T cell lines. Five of these T cell lines made a response 
to the gamma gliadin derived peptides: the T cell line from patient CD411 
(TCL CD411E) made a strong response against the peptides M2 f M7 and M12 
and a weaker response towards the peptides M8, M10 and M13 (Figure 13, 

10 Table 5B). Moreover, the T cell line from patient CD432 (TCL CD432.1.2) 
made a response to the peptides M2, M7 and M12 (Figure 13, Table 5B), 
whereas the T cell line from patient CD450 (TCL CD450.2.2) only made 
responses to the peptides M90 and M91, which includes the sequence of the 
DQ2-Y-II epitope. The TCL CD429.1.6 made a response to the M12 peptide and 

15 the TCL CD423.1.3 made a response to the M13 peptide, which includes the 
sequence of the DQ2-y-I epitope. Peptides M2 and M7 contain sequences that 
are remarkably similar to DQ2-a-I epitope. Furthermore, the peptide M7 also 
includes sequences that are very similar to the DQ2-y-IV epitope, as does the 
peptide M12. The latter differ from the DQ2-y-IV epitope by only a single S to 

20 P substitution. These sequence similarities probably cause some degree of 

cross reactivity and likely the peptides M2, M7 and M12 harbor novel epitopes 
that bear similarities with other T cell epitopes. 
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12. Cross reactivity between T cell lines isolated from adult celiac 
disease patient and the novel peptides identified with the T cell 
clones from paediatric patient and vice versa. 

T cell lines isolated from small intestinal biopsies of 22 adult celiac 
5 disease patients were tested against the novel gluten peptides that were 

identified with the T cell clones from children with celiac disease. Nine of these 
T cell lines responded to these peptides. In particular reactivity was observed 
against the Glia-alpha2, the Glia-gamma30, and Glu-6 peptides but not 
against the Glt-17, Glt-156 and Glu-21 peptides. 

10 T cell lines isolated from small intestinal biopsies of 16 children with 

celiac disease were tested against Glia-alpha2 and Glia-alpha9 peptides 
previously identified [4]. Eight of these T cell lines responded to either one or 
both of these peptides. 

These data indicate that some prolamine-derived peptides are only 

15 recognized by T cell clones/lines derived from adult or pediatric CD patients 
and that other prolamine-derived peptides are recognized by both groups of 
patients. This observation is for example used for the development of a 
sensitive diagnostic method based on the herein disclosed prolamine-derived 
peptides and their occurrence in the different patient groups. 

20 

13. CDR3 amino acid sequences of T cell receptor of selected gluten 
specific T-cell clones. 

Prom 5 of the 7 T-cell clones depicted in Table 2, the CDR3 amino aci d 
sequence of T-cell receptor of selected gluten specific T-cell clones was 
25 determined. The T-cell receptor Va and Vp gene usage was determined using 
Va and Vp specific primers. The results are depicted in Table 6. 

For T-cell clone MS 156 five distinct but clearly related CDR3 sequences 
were found. For clones SV30, SV21 and P27 only the amino acid sequence of 
the T-cell receptor p-chain has been determined. 
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Table 6: CD3 amino acids sequences of T-cell receptors of selected gluten 
specific T-cell clones. Shown are the known Va and Vp gene segments used 
and the determined amino acid sequence of the CDR3 region and the 
designation of the J-element used. 



Tceil 
clone 


T-cell receptor 
V-gene used 


NDN 1 


J-region 
used 


MS156 














AV23S1 


CA 


VPQ 


ETSGSRLTFGEGTQLTVNPD 


AJ58 




BV6 


CASS 


IRQ 


GNTIYFGEGSWLTW 


BJ1S3 
(original) 






CASS 


LYW 


SSYEOYFGPGTRLTVT 


BJ2S7 
(variant) 






CASS 


FGAGGQK 


YNEQFFGPGTRLTVL 


BJ2S1 
(variant) 






CASS 


LYW 


SSYEQYFGPGTRLTVT 


BJ2S7 
(variant) 






CASS 


LASASGEY 


TQYFGPGTRLTVL 


BJ2S3 
(variant) 














JP437 














AV1S1 


CAV 


NV 


GOATNKIJFGTGTLLAVQPN 


AJ32 




BV21S3 


CASSL 


FGGI 


TD TQYFGPGTRLTVL 


BJ2S3 














P27 














BV13S3 


CASSE 


GQSGS 


EAFFGQG 


BJ1S1 














SV21 














BV4S1 


CSV 


SVGQ 


QETQYFGPG 


BJ2S5 














SV30 














BV13S3 


CAS 


TIQGG 


ETQYFGPG 


BJ2S5 



5 1 nucleotide insertion D-segment nucleotide insertion 
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FIGURES 

Figure 1. Gluten specific responses of T cell lines from paediatric 
celiac disease patients 

5 Gluten recognation of small intestinal T cell lines generated after initial gluten 
challenge with gluten (A), and with tTG-gluten (B). The T cell lines were 
selected for recognition of gluten (shaded bars)* and/or tTG-gluten (black bars) 
Responses were considered positive when the gluten specific stimulation was 
three times above background: SI > 3. The T cell lines that were used for 
10 cloning are underlined. * lines that were not tested against tTG-gluten. 

Figure 2. Identification of the gliadin epitope Glia-a20 for TCC JB20 
The Glia-a20 epitope is characterised by testing the response of the T cell 
clones against 50 peptide-pools ± tTg, each containing 5 gliadin and/or 

15 glutenin peptides. Five pools were recognised by TCC JB20. Comparison of the 
sequence of the peptides indicated a single sequence (underlined) that was 
present in the stimulatory pools but not "in non-stimulatory pools, for example 
pool 67. This was confirmed by T cell recognition of a newly synthesised 
version of this peptide, termed Glia-a20. Indicated is raw cpm value (medium 

20 value 312 ±324). 

Figure 3. Mass spectral analysis of deamidation of the Glia-^30 epitope 
(A) Expected fragment ion masses of the Glia-?30 epitope based on amino acid 
sequence. (B) Observed fragments of the Glia-Y30 epitope, b-ions are indicated 

25 ' according to panel A. (C) Observed fragments of the Glia-Y30 epitope after 
deamidation by tTG (C). The mass difference between the b-ions 228 and 413 
in panel B, and between 228 and 414 in panel C correspond to the sequence 
GQ and GE respectively, indicating the Q to E conversion at position 4. 
Similarly, the Q at position 10 is converted in to an E by tTG treatment as 

30 indicated by the 2 Da shift of the blO-ion from 1049 to 1051. 
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Figure 4. Determination of the minimal epitope for Glia^30 
Minimal epitopes were determined through testing of overlapping peptides 
that were based on sequence of the source protein of the Glia-y30 peptide. This 
figure represents the T cell response of TCC SV30 against the originally 
5 identified peptide fcmderlined), and responses against the overlapping 

peptides. The minimal required sequence for induction of T cell proliferation is 
IIQPQQPAQ. 

Figure 5. Recognition of the novel DQ2 epitopes 
10 The effect of deamidation on recognition of the new gluten epitopes by T cell 

clones shows three major patterns. For T cell recognition of gluten epitopes 

Glt-17(46-60), Glt-156(40-59), and Glia-a20(93-106) tTG treatment is required. 

Equal or enhanced responses after specific deamidation by tTG are found for 

epitopes Glia-y30, and Glu-5. In the third pattern the T cell reaction against 
15 the Glu-21 epitope is blocked by deamidation of the peptide, this epitope 

however contains a natural glutamic acid residue that provides a negative 

charge for potential binding to HLA DQ2. 

Figure 6. Responses of two T cell clones against homologue peptides 
20 Homology searches with a partial sequence of the Glt-156 epitope 

(QQPPFSQQQQ) yielded 34 unique matches in the gluten database. The T cell 
response against eight of these homologue gluten peptides was determined and 
found to be distinct for different T cell clones. TCC NV17 responds against all 
peptides except peptide 15, whereas TCC MS156 does not recognise peptides 
25 12, 13 and 15. 
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Figure 7 Amino acid sequence alignment of the y-gliadin clones y-1 to 
y5 

The EMBL accession numbers of the DNA sequence and the clone names are 
indicated. A consensus amino acid sequence is given above the alignment. The 
5 N-terminal M and the C-terminal Y and R are non-gliadin sequences that are 
introduced as part of the expression vector. The sequences of the 6 N-terminal 
residues and the 8 C-terminal residues are determined by the primers used for 
the PCR-amplification. 

10 Figure 8 Biochemical purification of peptide fragments stimulatory 
for the TCC 411A from the y-5 recombinant gliadin 
The T cell reactive Superdex fraction 36 of the tTG-treated y-6 recombinant 
chymotrypsin-digest (A) was separated by ion exchange chromatography. 
MonoQ fraction 2 contained active material (B) and was further separated by 

15 reverse-phase HPLC. Both fractions 14 and 16 produced a small T cell 
stimulatory peak (C) and were subjected to ESI mass spectrometry. T cell 
responses are given in cpm. 

Figure 9 Eight peptide fragments were identified with ESI mass 
20 spectrometry on reverse-phase HPLC fractions 14 and 16 

These peptides cluster in three different regions within the y-6 recombinant 
gliadin and are indicated below the sequence excerpts. 

Figure 10 Overlapping synthetic peptides spanning region I and II of 
25 the recombinant y gliadin 

T cell epitopes in y-5 were identified by testing overlapping synthetic peptides 
spanning the regions I (16 peptides) and II (18 peptides) against TCC derived 
from the patients CD411 and CD430. 
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Figure 11 Reactivity of T cell clones specific for DQ2-y-IH, DQ2^-V or 
DQ2-7-I epitopes 

Testing of truncated variants of the A) DQ2-y-III and C) DQ2-y-IV epitopes for 
their ability to stimulate the TCC 430C and TCC 430A, respectively. For the 
5 B) DQ2-y-V epitope none of the shorter truncation variants stimulated the 
TCC 41 1A. The peptides were tested in its native form (white bars) or after 
treatment with guinea pig tTG (black bars). Peptides were tested at 10 nM. 
The responses are given in cpm. 

10 Figure 12 Reactivity of three T cell clones, each specific for either the 
DQ2-a-I, DQ2-<x-II or the DQ2-<x-m epitope 

Testing of peptide <x-2(64-75) with Q->E substitution in position 72 (defined as 
DQ2-a-HI) and partly overlapping with both the DQ2-a-I and DQ2-a-II 
epitopes efficiently stimulated the TCC 370B whereas the DQ2-a-I and DQ2-a- 
15 II did not (A). Testing of the DQ2-a-HI epitope against the DQ2-a-I specific 
TCC CD387 E9 (B) and DQ2-a-II specific TCC CD436.5.4 (C). Responses are 
given in cpm. 

Figure 13 T cell recognition of some tTG treated peptides derived 
20 from the M36999 y-gliadin 

Testing of the peptides M2, M7, M8, M10 and M12 against the T cell lines 
CD411 E and CD432.1.6. Results are given as the stimulation index, 
calculated by the dividing the proliferative response to antigen by the 
background (T+APC).. Peptides were tested at 10 jiM. 



25 



WO 02/083722 



PCT/NL02/00235 



43 

REFERENCES 

1. Wal van de, Y., Kooy, Y.M.C., Veelen, van P., August, S A., Drijfliout, J.W. 
and Koning,F.Glutenin is involved in the gluten-driven mucosal T cell 

5 responscEur. J. Immunol 29, 3133-3139 (1999). 

2. Wal van de Y, Kooy Y, Veelen van P, Pena S, Mearin L, Molberg Q, Lundin 
L, Mutis T, Benckhuijsen W, Drijfhout J.W, and Koning F. Small intestinal 
cells of celiac disease patients recognize a natural pepsin fragment of 

10 gliadin. Proc. Natl Acad. Scu USA. 95, 10050-10054 (1998) 

3. Wal van de Y, Kooy Y, Veelen van P, Pena S, Mearin L, Papadopulos G, 
and Koning F. Cutting Edge: Selective deamidation by tissue 
transglutaminase strongly enhances giadin-specific T cell reactivity. J. 

15 Immunol 161, 1585-1588 (1998) 

4. Arentz-Hansen,H., R.Korner, O.Molberg, H.Quarsten , W.Vader, Y.M.Kooy, 
KEXundin, RKoning, P.Roepstorff, LJVLSollid, and S.N.McAdam. 2000. 
The intestinal T cell response to alpha-gliadin in adult celiac disease is 

20 focused on a single deamidated glutamine targeted by tissue 
transglutaminase. J.ExpMed. 191:603-612. 

5. Sjostrom,H., KE.Lundin, CMolberg, RKorner, S.N.McAdam, 
D.Anthonsen, H.Quarsten, CNoren, P.Roepstorff, E.Thorsby, and 

25 L.M.Sollid. 1998. Identification of a gliadin T-cell epitope in coeliac disease: 
general importance of gliadin deamidation for intestinal T-cell recognition. 
Scand.J.Immunol 48:111-115. 



WO 02/083722 



PCT/NL02/00235 



44 

6. Arentz-Hansen,E.H., S.N.McAdam, O.Molberg, C.Kristiansen, and 
L.M.Sollid. 2000. Production of a panel of recombinant gliadins for the 
characterisation of T cell reactivity in coeliac disease. Gut 46:46*51. 

7. Lundin,KE., H.Scott, T.Hansen, G.Paulsen, T.S.Halstensen, O.Fausa, 
5 E.Thorsby, and L.M.Sollid. 1993. Gliadin-specific, HLA-DQ(alpha 

l*0501,beta 1*0201) restricted T cells isolated from the small intestinal 
mucosa of celiac disease patients. J.ExpMed. 178:187-196. 

8. Moiberg,0., S.N.McAdam, R.Korner, H.Quarsten, CKristiansen, KMadsen, 
L.Fugger, H.Scott, O.Noren, P.Roepstorff, KE.Lundin, H.Sjostrom, and 

10 L.M.Sollid. 1998. Tissue transglutaminase selectively modifies gliadin 
peptides that are recognized by gut-derived T cells in celiac disease. 
Nat.Med. 4:713-717. 

9. Jung,G. 1996. Combinatorial peptide and nonpeptide libraries - A 
handbook for the search of lead structures. In Combinatorial peptide and 

15 nonpeptide libraries - A handbook for the search of lead structures. G.Jung, 
editor. Verlag Chemie, Weinheim. 

10.Scheets,K. and C.Hedgcoth. 1988. Nucleotide sequence of a gamma-gliadin 
gene: Comparisons with other gamma-gliadin sequences show the structure 
of gamma-gliadin genes and the general primary structure of gamma* 
20 gliadins. Plant Science 57:141-150. 



WO 02/083722 



PCT/NL02/00235 



45 



Claims 

1. An isolated or recombinant HLA-DQ restricted T-cell receptor or functional 
equivalent and/or fragment thereof capable of recognizing a prolamine-derived 
peptide. 

2. An isolated or recombinant HLA-DQ restricted T-cell receptor or functional 
5 equivalent and/or fragment thereof according to claim 1 wherein said 

prolamine-derived peptide is obtainable from a protein selected from gliadins, 
glutenins, secalins, hordeins or avenins. 

3. An isolated or recombinant HLA-DQ restricted T-cell receptor or functional 
equivalent and/or fragment thereof according to claim 1 or 2 wherein said 

10 prolamine-derived peptide is modified. 

4. An isolated or recombinant HLA-DQ restricted T-cell receptor or functional 
equivalent and/or fragment thereof according to anyone of claims 1 to 3 
wherein said prolamine-derived peptide is deamidated. 

5. An isolated or recombinant HLA-DQ restricted T-cell receptor or functional 
15 equivalent and/or fragment thereof according to anyone of claims 1 to 4 

wherein said prolamine-derived peptide comprises anyone of the amino acid 
sequences as depicted in Table 2 and/or Table 5. 

6. An isolated or recombinant HLA-DQ restricted T-cell receptor or functional 
equivalent and/or fragment thereof according to anyone of claims 1 to 5 

20 wherein said prolamine-derived peptide is flanked by amino acids representing 
antigen processing sites. 

7. A nucleic acid encoding an HLA-DQ restricted T-cell receptor or functional 
equivalent and/or fragment thereof according to anyone of claims 1 to 6. 

8. A vector comprising a nucleic acid according to claim 7. 
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9. A host cell comprising an HLA-DQ restricted T-cell receptor or a functional 
equivalent and/or fragment thereof according to anyone of claims 1 to 6, a 
nucleic acid according to claim 7 or a vector according to claim 8. 

10. A host cell according to claim 9 wherein said host cell is immortal. 

5 11. A host cell according to claim 9 or 10 further comprising a CD4 co-receptor 
and a T cell receptor associated CD3 complex. 

12. A host cell according to claim 10 or 11 further comprising an inducible 
component to detect T cell triggering. 

13. A host cell according to claim 12 wherein said inducible component 

10 comprises a promoter of nuclear factor of activated T cell (NFAT) coupled to a 
LacZ reporter gene (NFAT-lacZ). 

14. A host cell according to anyone of claims 9 to 13 wherein said cell is 
selected from the group of PEER, MOLT-3, MOLT-4, Jurkat or HPB-ALL. 

15. A pharmaceutical composition comprising an isolated or recombinant HLA- 
15 DQ restricted T-cell receptor or functional equivalent and/or fragment thereof 

according to anyone of claims 1 to 6, or a nucleic acid according to claim 7 or a 
vector according to claim 8. 

16. A pharmaceutical composition according to claim 15 for the treatment of 
food-related immune enteropathy. 

20 17. A pharmaceutical composition according to claim 16 wherein said food- 
related immune enteropathy is celiac sprue, tropical sprue, giardiasis or food 
allergies of childhood. 

18. An isolated, recombinant or synthetic prolamine-derived peptide or a 
functional equivalent and/or a functional fragment thereof, optionally coupled 

25 to a carrier molecule, wherein said prolamine-derived peptide is involved in 
food-related immune enteropathy. 

19. An isolated, recombinant or synthetic prolamine-derived peptide according 
to claim 18, wherein said prolamine-derived peptide is obtainable from a 
protein selected from the group of gliadins, glutenins, secalins, hordeins or 

30 avenins. 
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20. An isolated, recombinant or synthetic prolamine-derived peptide according 
to claim 18 or 19, wherein said prolamine-derived peptide is modified. 

21. An isolated, recombinant or synthetic prolamine-derived peptide according 
to anyone of claims 18 to 20, wherein said prolamine-derived peptide is 

5 deamidated. 

22. An isolated, recombinant or synthetic prolamine-derived peptide according 
to anyone of claims 18 to 21, wherein said prolamine-derived peptide 
comprises anyone of the amino acid sequence as depicted in Table 2 and/or 
Table 5. 

10 23. An isolated, recombinant or synthetic prolamine-derived peptide according 
to anyone of claims 18 to 22, wherein said prolamine-derived peptide is 
flanked by amino acids representing antigen processing sites. 

24. An isolated, recombinant or synthetic prolamine-derived peptide according 
to anyone of claims 18 to 23 wherein said food-related immune enteropathy is 

15 celiac sprue, tropical sprue, giardiasis or food allergies of childhood. 

25. An isolated or synthetic antibody or functional equivalent and/or functional 
fragment thereof specifically recognizing a prolamine-derived peptide 
according to anyone of claims 18 to 24. 

26. An immunoassay comprising an antibody according to claim 25. 
20 27. A nucleic acid encoding an antibody according to claim 25. 

28. A vector comprising a nucleic acid according to claim 27. 

29. A host cell comprising a nucleic acid according to claim 27 or a vector 
according to claim 28. 

30. A diagnostic kit comprising 

25 - an isolated or recombinant HLA-DQ restricted T-cell receptor according to 
anyone of claims 1 to 6 or a host cell according to anyone of claims 9 to 14 or 
an antibody according to claim 25 and 
- a suitable means of detection. 
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31. A diagnostic kit according to claim 30 for detecting in food, food components 
or biological samples the presence of a prolamine-derived peptide involved in 
food-related immune enteropathy. 

32. A diagnostic assay according to claim 31 wherein said immune enteropathy 
5 is selected from the group of celiac sprue, tropical sprue, giardiasis or food 

allergies of childhood. 

33. A method to decrease the binding of an HLA-DQ restricted T-cell receptor 
to a prolamine-derived peptide involved in food-related immune enteropathy 
comprising providing a blocking substance. 

10 34. A method according to claim 33 wherein said food-related immune 
enteropathy is celiac sprue, tropical sprue, giardiasis or food allergies of 
childhood. 

35. Use of a blocking substance capable of decreasing the binding of an HLA- 
DQ restricted T-cell receptor to a prolamine-derived peptide involved in food- 

15 related immune enteropathy for depletion of T-cells bearing said HLA-DQ 
restricted T-cell receptor. 

36. A method to decrease the binding of prolamine-derived peptides involved in 
food-related immune enteropathy to HLA-DQ molecules comprising providing 
substances that block the binding of said peptides to said HLA-DQ molecules. 

20 37. A method according to claim 36 wherein said food-related immune 
enteropathy is celiac sprue, tropical sprue, giardiasis or food allergies of 
childhood. 

38. A method to detect and/or enumerate T-cells bearing a T-cell receptor 
according to anyone of claims 1 to 6 comprising tetrameric complexes of HLA- 

25 DQ and a peptide according to anyone of claims 18 to 24. 

39. A method to detect and/or enumerate T-cells bearing a T-cell receptor 
according to anyone of claims 1 to 6 comprising liposomes comprising 
complexes of HLA-DQ and a peptide according to anyone of claims 18 to 24. 

40. A method to decrease the amount of toxic prolamine-derived peptides in 
30 food or food components comprising incubating an isolated or recombinant T- 
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cell receptor according to anyone of claims 1 to 6 or a host cell according to 
anyone of claims 9 to 14 or an antibody according to claim 25 with said food or 
food component. 

41. A method according to claim 40 wherein said prolamine-derived peptide is 
5 obtainable from a protein selected from the group of gliadines, glutenins, 

secalins, hordeins or avenins. 

42. A method to select and/or breed a cereal comprising providing an isolated or 
recombinant T-cell receptor acoording to anyone of claims 1 to 6 or a host cell 
according to anyone of claims 9 to 14 or an antibody according to claim 25. 

10 43. A cereal obtainable by a method according to claim 42. 

44. Use of a cereal according to claim 43 for inclusion in a diet for a gluten 
sensitive individual. 

45. A foodstuff for a gluten-sensitive individual comprising a cereal according 
to claim 43. 

15 46. Analogue of a prolamine-derived peptide according to anyone of claims 18 
to 24 characterised by that said analogue is an antagonist for the activity of T- 
cells recognising said prolamine-derived peptide. 

47. A pharmaceutical composition comprising a prolamine-derived peptide 
according to anyone of claim 18 to 24. 
20 48. A pharmaceutical composition according to claim 47 for the induction of 
tolerance. 

49. A pharmaceutical composition according to claim 47 for the treatment of 
gluten-sensitivity. 

50. A pharmaceutical composition according to claim 47 for the elimination of 
25 gluten-sensitive T-cells. 

51. Use of a protease inhibitor for preventing the generation of a prolamine- 
derived peptide according to claim 18 to 24 or a polypeptide comprising a 
prolamine-derived peptide according to claim 18 to 24. 
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52. Use of acid neutralizing substances for preventing the generation of a 
prolamine-derived peptide according to claim 18 to 24 or a polypeptide 
comprising a prolamine-derived peptide according to claim 18 to 24. 



5 
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Peptide sequences 




Pool 43 
+tTG 


QIKQQILQQQUFCMDWLQ 

QNPSQQQPQEQVPLVQQQQFL 

LQQQUFCMDWLQQHNIAHG 

QPQEQVPLVQQQQFLGQQQPF 

LPYSQPQPFRPQQPYPQPQPQ 


2460 ±1670 


Pool 45 
+tTG 


QPFRPQQPYPQPQPQYSQPOO 
QPYPQPQPQYSQPQQPISQQQ 
QFLGQQQPFPPQQPYPQPQPF 
PLVQQQQFLGQQQP FP PQQPY 
HNWHAIILHQQQQQQQEQKQ 


43061 ±5102 


Pool 51 
+tTG 


VQQQQFUGQQQPFPPQQP 

FPPOQPYPQPQPFPSQQP 

PQXQPQYQQPQQPISQ 

QQPQQFZPQQPyPQXQPQ 

LGQQQPFPPQ 


51 025 ±569 


Pool 54 
-KTG 


YQPQYFZPQQPYPQOQPQ 

FPQPQPFPPLPYYQPYQF 

FPPLPYYQPQYPQQPY 

LQLQPFPQPQPFPPLPY 


33286 ± 4532 


Pool 57 
+tTG 


FPPQQPYPQPQPFPSQQP 
QEQFPLVQQQQFXGQQQP 
FPSQQPYLQUQPFPQPQP 
YPQPQPFPSQQPYLQLQP ' 
YQPQYF2PQQPYPQXQPQ 


28438 ± 4306 


Pool 67 
+tTG 


QGQPGYYPTSPQQPGQEQ 

YPTSPQQPGQEQQSGQAQ 

SGEGSFQPSQEN 

QQPGQEQQSGQAQQSGQW 

GQGSFRPSQQNPQAQ 


151 ±13 


Glia-o20 
+tTG 


PFRPQQPYPQPQPQ 


32640 + 1407 
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Peptide Sequences 

QQPPFSQQQQSP 

QQPPFSQQQQQPLPQ 

QQFPFSQQQQPPFSQ 

QQPPFSQQQQPQFSQ 

QQPPFSQQQQPVLPQ 

QQPPFSQQQQLVUPQ 

QQPPFSQQQQQPILL 

QQPPFSQQQQPILFQ 



stimulation Index 
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y-2(AJ416336) 
Y-5(AJ416339) 
Y~4(AJ4 16338) 
y-3 (AJ4 16337) 
y-l{AJ133613) 



1 50 
MNIQVDPSSQ VQWPQQQPVP QPHQPFSQQP QQTFPQPQQT FPHQPQQQFP 



y-2(AJ416336) 
Y-5(AJ4 16339) 
Y-4(AJ4 16338) 
Y-3 (AJ4 16337) 
Y-KAJ133613) 



Y-2 (AJ416336) 
Y-5{AJ416339) 
Y-4 (AJ416338) 
Y-3 (AJ4 16337) 
Y-KAJ133613) 



51 100 
QPQQPQQQFL QPQQPFPQQP QQPYPQQPQQ PFPQTQQPQQ LFPQSQQPQQ 



I 



L 

-R 



101 150 
QFSQPQQQFP QPQQPQQSFP QQQPPFIQPS LQQQVNPCKN FLLQQCKPVS 



Y-2(AJ416336) 
y-5 (AJ416339) 
y-4(AJ416338) 
Y-3(AJ416337) 
Y-KAJ133613) 



y-2 (AJ416336) 
Y-5(AJ416339) 
Y-4 (AJ416338) 
Y-3(AJ416337) 
Y-KAJ133613) 



y-2(AJ416336) 
y-5(AJ416339) 
y-4 (AJ4 16338) 
Y*-3(AJ4 16337) 
Y-KAJ133613) 



151 200 
LVSSItfSMIW PQSDCQVMRQ QSCQQIAQIP QQLQCAAIHT VIHSIIMQQE 
A 



201 250 
QQ... QGMHI LLPLYQQQQV GQGTLVQGQG IIQPQQPAQL EAIRSLVLQT 



-EQR — VQ- -V— S- 



251 279 
LPTMCNVYVP PECSIIKAPF SSWAGIGGQ YR 



-A- 



-Y — T-R- 
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Figure 9 
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Figure 10 

Overlapping peptides spanning region I and II: 
Region I: 
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Figure 11 
A) 
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M2: WPQQQPFPQP-QQPFCQQPQR 
M7: QFPQTQQPQQ- PFPQPQQTFP 
M8: PFPQPQQTFP-QQPQLPFPQQ 
MlO: PQQPFPQPQQ-PQQPFPQSQQ 
M12: PQQPFPQPQQ-QFPQPQQPQQ 
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